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PART 1

INTRODUCTION

A. BACKGROUND. The U.S. Army Defense Ammunition Center and School

(USADACS), Evaluation Division (SMCAC-DEV), was asked by the Storage and

Outloading Division (SMCAC-DEO) to test the unitization procedure for the

Volcano Mine System. This unitization procedure consists of unitizing PA113

cylindrical metal containers on a 40" X 58' wood pallet base configured

seven containers high and six containers wide.

B. AUTHORITY. This test was conducted in accordance with mission

responsibilities delegated by the U.S. Army Armament, Munitions and Chemical

Command (AMCCOM).

C. OBJECTIVE. The objective of this test is to determine if the subject

unitization procedures will satisfy the test requirements of MIL-STD-1660.
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PART 2

ATTENDEES

Mr. A. C. McIntosh, Jr. U.S. Army Defense Ammunition Center and School
Test Engineer ATTN: SMCAC-DEV
AV 585-8989 Savanna, IL 61074-9639

Ms. Laura Fieffer U.S. Army Defense Ammunition Center and School
Design Engineer ATTN: SMCAC-DEO
AV 585-8927 Savanna, IL 61074-9639
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PART 3

TEST PROCEDURES

The test procedures outlined in this section are extracted from

MIL-STD-1660, Design Criteria for Ammunition Unit Loads, 8 April 1977. This

standard identifies nine steps that a unitized load must undergo if it is

considered to be acceptable. These tests are synopsized below:

1. STACKING TESTS. The unit load shall be loaded to simulate a stack of

identical unit loads stacked 16 feet high, for a period of one hour. This

stacking load is simulated by subjecting the unit load to a compression of

weight equal to an equivalent 16-foot stacking height. The compression load

is calculated in the following manner. The unit load weight is divided by the

unit load height in inches and multiplied by 192. The resulting number is the

equivalent compressive force of a 16 foot high load.

2. REPETITIVE SHOCK TEST. The repetitive shock test shall be conducted in

accordance with Method 5019. Federal Standard 101. The test procedure is as

follows: The test specimen shall be placed on. but not fastened to, the

platform. With the specimen in one position, vibrate the platform at 1/2 inch

amplitude (I inch double ampl-itude) starting at a frequency of about 3 cycles

per second. Steadily increase the frequency until the package leaves the

platform. The resonant frequency is achieved when a 1/16-inch-thick feeler

may be momentarily slid freely between every point on the specimen in contact

with the platform at some instance during the cycle or a platform acceleration

achieves one plus or minus zero point one G. Midway into the testing period

the specimen shall be rotated 90 degrees and the test continued for the

duration. If failure occurs, the total time of vibration shall be two hours

3-1



if the specimen is tested in one position: and if tested in more than one

position, the total time shall be three hours.

3. EDGEWISE DROP TEST. This test shall be conducted by using the procedures

of Method 5008, Federal Standard 101. The procedure for the Edgewise Drop

(Rotational) Test is as follows: The specimen shall be placed on its bottom

with one end of the base of the container supported on a sill nominally

6 inches high. The height of the sill shall be increased if necessary to ensure

that there will be no support for the base between the ends of the container

when dropping takes place, but should not be high enough to cause the

container to slide on the supports when the dropped end is raised for the

drops. The unsupported end of the container shall then be raised and allowed

to fall freely to the concrete, pavement,. or similar underlying surface from a

prescribed height. Unless otherwise specified, the height of drop for level A

protection shall conform to the following tabulation.

GROSS WEIGHT NOT EXCEEDING DIMENSIONS ON ANY EDGE HEIGHT OF DROP LEVEL

NOT EXCEEDING A PROTECTION

Pounds Inches Inches

600 72 36

3,000 no limit 24

no limit no limit 12

4. IMPACT TEST. This test shall be conducted by using the procedure of

Method 5023, Incline-Impact Test of Federal Standard 101. The procedure for

the Incline-Impact Test is as follows: The specimen shall be placed on the

carriage with the surface or edge which is to be impacted projecting at

least 2 inches beyond the front end of the carriage. The carriage shall be

brought to a predetermined position on the incline and released. If it is
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desired to concentrate the impact on any particular position on the con-

tainer, a 4x4 inch timber may be attached to the bumper in the desired

position before the test. No part of the timber shall be struck by the

carriage. The position of the container on the carriage and the sequence in

which surfaces and edges are subjected to impacts may be at the option of

the testing activity and will depend upon the objective of the tests. When

the test is to determine satisfactory requirements for a container or pack

and unless otherwise specified the specimen shall be subjected to one impact

on each surface that has each dimension less than 9.5 feet. Unless other-

wise specified, the velocity at time of impact shall be 7 feet per second.

5. TIP OVER TEST. This test shall be performed only if the weight and

balance of the specimen are such that the unit load will tip over when an edge

is lifted significantly to form a 20 degree angle with the floor. The

procedure for this test is Method 5018 of Federal Standard 101.

The procedure for the Tip Over Test is as follows: The specimen shall be

placed on its bottom and slowly tipped until it falls freely (by its own

weight) on its side to a smooth level concrete slab or similar unyielding

surface. Unless otherwise specified, two of these tip overs shall be made,

one on each side or 180 degrees apart on a cylinder. A record shall be made

of any changes or breaks in the container, such as apparent racking, nail

poke, or broken parts and their locations. The packing (blocks, braces,

cushions, or other devices) and the contents shall be examined carefully and a

record made of their condition.

6. FORKLIFTING TEST. This test shall be conducted by using the procedures of

Method 5011 of Federal Standard 101, Procedure 6.2, Lifting and Transporting
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by Forklift Truck. The forklift hazard course that will be used is shown in

Figure 1. The procedure for the lifting and transporting by forklift truck

test is as follows. The specimen shall be lifted clear of the ground by a

forklift truck at one side of the specimen and transported on the forks in

the level or back tile position across the alternate hazard course. The

forklift must carry the specimen over the hazard couse in about 23 seconds

and then shall be brought to a stop. The specimen shall be carefully

observed during the traverse and while the forklift is at a stop for any

damage, evidence of inadequacy, or deflection of the specimen that might

cause damage or displacement of the contents. The specimen shall be then

lowered onto the ground. The forklift shall be moved from the side to the

end of the specimen. The forks shall be run under the specimen as far as

possible and then operated to lift the end 6 inches. Observe the specimen,

particularly in the vicinity of the ends of the forks and record observa-

tions. If the specimen can thus be lifted clear of the floor, transport

on the forks over the same hazard course and record observation. If it

cannot be thus lifted, report the length of forks used and state that the

specimen could not be carried on the forklift truck at either end.
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PART 4.

TEST EQUIPMENT

1. TEST SPECIMEN.

a. Drawing Number: Unitization Procedures, FSA 63/12-66 (or 19-48-4079/12)

b. Width: 44-1/2"

c. Length: 59"

d. Height: 40-3/4"

e. Weight: 2,675 lbs.

2. COMPRESSION TESTER.

a. Manufacturer: Ormond Sci=ntific

b. Platform: 60 inches by 60 inches

c. Compression Lir-t: 50,000 pounds

d. Tension Limit: 50,000 pounds

3. TRANSPORTATION SIMULATOR.

a. Manufacturer: Gaines Laboratory

b. Capacity: 6,000 pound pallet

c. 1/2-inch Amplitude

d. Speed: 50 to 3000 cpm

e. Platform: 5 foot by 8 foot

4. INCLINED RAMP.

a. Manufacturer: Conbur Incline

b. Impact Tester

c. 10 Percent Incline

d. 12-Foot Incline

4-i



PART 5

TEST RESULTS

1. STACKING TEST.

Pallet Weight: 2,675 lbs.

Pallet Height: 44-./2 in.

Test Load Weight: 12,000 lbs.

The subject unitizationprocedure was loaded to 13,000 lbs compression

for a period of one hour. At the end of this period of time, the com-

pressive load decreased to 11,700 lbs. When the compression load was re-

moved from the test specimen, no measurable deformation in the load was

evident.

2. REPETITIVE SHOCK TEST. The subject pallet successfully passed

longitudinal transportation simulation test for 90-minute period. Rotating

the pallet 90 degrees and subjecting it to a second 9w-minute period in the

transportation simulator caused no damage to the pallet or strapping. In

order to achieve a 1/16" clearance between the pallet and the transportation

simulator bed, the equipment was operated at 200 rpm.

3. EDGEWISE DROP TEST. Each side of the Volcano pallet base was placed on

a beam displacing it 6' above the floor. The opposite side was raised to a

height of 24" above the floor and then dropped. This process was accom-

plished on all four sides of the pallet. When the pallet was dropped in a

longitudinal orientat:on, the center skid had a tendency to separate from

the center post. This skid did not, however, become completely disengaged

from the unitization. No other significant observations were noted.
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4. IMPACT TEST. The inclined impact test consists of placing the Volcano

mine pallet on an inclined sled with 2" of the pallet projecting over the

edge of the sled. The sled is then raised approximately 8' up the inclined

ramp and allowed to accelerate and impact into a solid wall. This test is

repeated once on each side of the pallet. After impacting on each side, the

Volcano Mine System unitization procedure exhibited no damage to external

packaging or unitization materials.

5. TIP OVER TEST. This test was not performed because of the weight and

balance of the specimen; in that this unit load will not tip over when an

edge is lifted significantly to form a 20 degree angle with the floor.

6. FORKLIFTING TEST. The Volcano Mine System unit load was transported

by forklift over gravel roads and between test stations in the laboratory.

During movements of the pallet, it was observed and noted there was no

damage evidence of inadequacy or deflection of the specimen that could cause

damage or displacement to the contents.
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PART 6

CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS. The Volcano Mine System unitization procedure as tested

passed a compression test, transportation simulation test, drop test, in-

clined impact test, and forklifting test.

2. RECOMMENDATIONS. The unitization procedures for Volcano Mine System

with Volcano mines packed in PA1l3 containers have met the requirements set

forth in MIL-STD-1660 and should become an official Army Materiel Command

19-48 series unitization drawing.
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PART 7

PHOTOGRAPHS
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DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNAL
Photo No 1. This photo shows the Volcano Mine System pallet with PAI:3
containers ready for the first edgewise rotational drop. Drop height is
24.
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PART 8

UNITIZATION PROCEDURES
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APPENDIX 12

UNITIZING PROCEDURES FOR COMPLETE
ROUNDS 0 PACKED IN CYLINDRICAL METAL
CONTAINERS ON 4-WAY ENTRY PALLETS-

PAIl 13 SERIES CONTAINER

I TEm PA0ESI

GE R A L NO TES ----------------------------------------------------------------- 2
UNIT DETA IL -------------------------------------------------------------------- 4
DUNNAGE ETAILS -------------------------------------------------------------- 5
FILLERS -vD INSTALLA-7IOr' PROCEDURES

FOR O.AITIED CONJTAINERS -------------------------------------------------- 6,7

PALLET UNIT DATA

ITEMS INCLUDED HAZARD CLASSIFICATION 3 WEIGHT
DOTI CG 00 C COpI, (LBS )

NSN DODIC CLASS CLASS CLASSI GROUP

01-233-2030 K042 C 1 (04 1.2 c 2,741
01-233-20291IK045 A 1.1 D 2,741

NOTIC THIS APPENDIX CANNOT STAND ALONE BUT MUST BEHAZARD CLASSIFICATION DATA CONTAINED IN THE ABOVE CHART USED IN CONJUNCTION WITH THE BASIC UNITIZATION PROCEDURES
IS FOR GUIDANCE AND INFORMATIONAL PURPOSES ONLY. VERIFI- DRAWING I0-4-407Q-2OPM 0 2.
CATION OF THE SPECIFIED DATA SHOULD BE MADE BY CONSULTING
THE MOST RECENT JOINT HAZARD CLASSIFICATION SYSTEM LISTING
OR OTHER APPROVED LISTINGISI. REVISIONS ___

* SEE GENIRAL NOTE "J" (IN PAGE 2.

UNITIZATION PROCEDURES CONTAINED WITHIN THIS i--.--

APPENDIX REFER TO THE VOLCANO MINE SYSTEN. _ _., . , - ,.v,. ,

I U.S. ARMY AMC DRAWING

19,, 48 4079/1 2oPM
00 NOT SCALE 7 1 1 12 1002

PROJECT FSAA3112-"66



CEE-AL NOTES

A. THIS APPENCS( CANNOT STAND ALCNE BUT mUST BE t5E0 IN CCNJU:,CTION
,%1TH. THE 3.SiC UNITIZATION' PROCE:URES OIA;-ING L.&72TAC.
rO PRCCUCSa '.N APPQCV5Z UN*,IT LCOD ALL PERntNENT FRcc--*:UP~t$ SPE.Cl-

SAND CRITERI. SET FCRTH4 vITHIN 7HE BASIC -',.NO..ILL APPLY
TO - - ;ROCT LRES CEUINEA7ED :N THIS A;0ENDiX. ANY D(DCEMTONS TO
THE BASIC 'RCSD'0S ARE SPC:F!Z IN1 THIS APPENCN.

. IT .IN. CURE AND /.EIOI~r CF A PALLET UN~lIT N.ILL VARY SLIHTLY
DEPENDING POT- THE .CTLAL DI.V-SIONS OF THE BOXES A7 .HE nEIGHT
OF TH E SPECIFIC !ZE!V 3E:NG *,NiTIZ::S

C. FCR OUTLOCACING AND STCRACE OF tI-E ItD.,.S CO'IERE: SY THIS ?RD(
CO NTACT THE -j-. ARMY :SPENSE -V ULNI.TiC, CzNIER ,'.LI SCHC.TL. ATTN-
S.%C-,C-ZE0. SAANNA, L. 6SI74- tV FCR SPECIFIC ?RCEDZURAL GL.IGANCS,.

D. FO.R vE~r-CD _-F SECLRImG A 517LP CTTER TO THE PALLET UNIT. SEE DARCOm
O?.A..,ING j9-48-4127-20PITW

E. IF IMS CC\EEEDU hEREIN ARE UNIIIZiED PRICE to ISSU;ANCE Of Ti=IS APPENDIX,
THE 3CS~ NEED NOT 6E RELP.ITIZ!:Z SCLLLY TO CCNFCRMi TO THIS AFINDC.

F. FCR D'ETAILS CIF THE ?A113 SERIES CCITAItER. SEE U.S. ARMY ARMAMENT
RESEARCH, AND DEVELCPMENr CENTER ZZA.ING NO. n39G434.

CCNTAINER DIMENSICNS-59" LONG X 6-7TRd AIDE X 6-7.2 HIGH
CCNTAIT.ER Ct.EE - - .6 CUI.6C FEET :APN K)
CCNTAIIER OEIGHT
ChITH ROND 5 POUNDS 'APPR=(

G. rz lUNlTIZATICN' PROCWCLPES DIEPICTED HEREIN MAY ALSO BR USED FOR
UNITIZING VINE CANISTERS ,HEr IDENTFIED BY D)IFFERENT4 NATIONAL STOCK
NLMSEPS !NSNI THAN .:HAT IS1H. ON THE TITLE PAGE. PROVIDED THE~

CONlTAINER 00ES NOT VARY FROM WIHAT IS DEL.NEA-TED HEREN~. TlHE eXPLOSIVE
CLASSiFiCATICN OF OTHER ITEMS MAY BE DIPPEPENT THtAN WHAT IS SHOWN.

It. DI9k-ENSICNS GIVEN FOR DUNNAGE PIECES '41L.1 BE FLEZ C ECi SD PRIOR To
-EIi SEP--SLY TO THE ?AUET UNIT. CONTAINERS MIST7 -IT SNU GLY IN THE

DU'NTNAGE ASSEJMSUES.

1. -HE SPECIAL ?ALI.ET V 'LL 3E CCNSTRU CTED IN ACCORDANCE .-I ALITARY
SPECIFICATION MIL-P-I5Ol i STYLE 1. TYPE ,CLA~SS I PALLET NITH THE

ExCE?floN THAT THE TOP AND 8COTTOM DECK 3CARDS .dILL RE 59" LONG
INSRTL'.D) OF 48". ALL OTHER REQUFIMtENTS SPECIFIED WiTHIN MIL.P-I50II
FOR A STYLE 1, MYE -:. CLASS I PALLET WILL APPLY TO THE FALLfT SPIECI-
FIED 4ITHIN THIS .RAWIING.

PAGC 27
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SEAL FOR 3/4' STRAP (4 PhOO, IPE
STRAP). CRIMP EACH SEAL WITH TWO TOP DUNN4AGE ASSEMBL.Y (I REQD).
PAIR OF NOTCHES. SEE THE "TOP DUNNAGE ASSEMBLY"

DETAIL ON PAGE 5.

TW.DOWN STRAP, 3'4- X .031 OR INTERMEDIATE DUNNAGE ASSEMBLY (2 RED)
.M5" X 14'-3' LONG STEEL STRAP- SEE.THE INTEREDIATE DUNdNAGE ASSEm-
PING (A RELCO). SLY DETAIL ON PAGE S.

INDICATES PA113 SERIES COTAINER.

STAPLE, 15/16- WIDE BY 3/4-- LEG
LENGTH (16 ROD, 4 PER STRAP).

PLYWOOD PALLET DUNN'AGE (A REODI.
SEE THE 'PALLET DUNNAGE LOCATION-

59" DETAIL ON PAGE S.

PALLET DUNNAGE ASSEmBLY . 40X59OAL.
(I REMC). SEE THE "PALLET
DLUNNAGE ASSEMBLY- DETAIL

VIEW A

ISOUAFTRIC VIEW

SPECIAL NOTE:

THE CONTAINERS DEPICTED IN THE UNIT LOAD ABOVE4 ARE CONSTZUC' tD
WITH BOTH LAEERAL AND VERTICAL INTERLOCKS. TO PUNCT0t, PRC'T-LY,
TE VERTICAL INIERLOCYS ( PI", ) AUST BE POSITIONED UPWARD, TlH!
ORIENTATION WILL 'RECWDE INTERFERENCE Oz TIE "PINS' AND THE FLY-
WOOD PALLET DUNNt4AGE. FOR ThE- LATERAL INTERLOCKS TO FLINCTflI.
PRCPER.LY, THE LATERAL INTERLOCKING DEVICES ON TiE RINGS OF A CON-
TAIN~ER MUST BE ENGAGED WITH; THE LATERAL INTERLOCKING DEVICES Or,
THE RINGS OF AN ADJACENT CONTAINER. LATERAL INTERLOCK ENGAGR-
MENT 5 ACCOMPLISHED WHEN CONTAINERS ARE LOWERED ONTO THEr PALLET
UNIT. THE INTERLOCKS WILL ALSO AID IN, THE PREVENTION COF CONTAINER
MOVEMAENT, BOTH LATERAL AND LONGITUDINAL, DURING SHIPMENT OF ThE
UNIT LOAD.

INDICAES tNIEtMEDIAlE
DUNN~AGE ASSEMBLY.-IDCTE

7 A1/ SERIES CON4TAINER.

INDICATES PALLET

:m INDICAlES PA~LE.

PARTIAL VIEW A

PA(Z 4 UNI T D:ETAI L

PROJEI T FS-
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SPECIAL NOTES:

NDICTESOPANE13 I WHEN SD( CONTAINERS ARE TO BE OMITTED FROM A PALLET UNIT, A COMPLETE
LAYER OF CONTAINERS MUST BE OMITTED. WHEN FIV CONTAINrdS ARE TO
BE OMITTED FROM A PALLET UNIT. A COMBINATION OF FILLER ASSE'.SLIES
DEPICTED ON PAGE 7MUST BE USED. WHEN FOUR OR LESS CONTAINERS At-
TO BE OMITTED FROM A PALLET U:,IT. A COMBINATION OR ONE DP THE

r- FILLER (I REQD' SEE THE FILLER ASSEMBLIES DEPICTED ON PAGE 7 MAAY BE UED. ALL FILLER A.SSEmBUES
FILLE A" DTAIL r, PAE 7.MUST BE INSTALLED IN THE MIDDLE OF THE TOP LAYER OR LAYERS OP A PLE/ FILLR A DTAIL O PAGEUNIT, AL.

2 WHEN A "FILLER A' ASSEMBLY IS LISED IN COR4EE4ATION WITH A -FLEl g- ORI
FiFC' ASSEMBLY, THE *FILLER A, ASSEMBLY MEST BE POSITIONED IN THE

SECOND) LAYER OF COiJAIfERS PROM, THE TOP OP THE PALLET U,'AT AND
MUST HAVE ITS OVERALL HEIGHT REDUCED FROM 6-3 '41 TO 6-

3 WH1EN TWO -FILLER A- ASSEMSLIES ARE LhED IN PLACE OF TWO OMITTED O-
TAINEPS, THE FILLER ASSE!ISLIES WILL BE SEPARATED BV AT LEAST Oi.E CON-TAINER TO INSLRE PROPER FILLER ASSEMBLY RETENTION ANC TO PRECLUDE
ASSEMBLY INTERFERENCES.

THEli TOP OUN.NAGE ASSEMBLY AND
STRAPPING HAVE BEEN (OAITED POR
CLARITY PUJRPOSES.

DETAIL A

THIS DTTAIL DEPICTS PROCEDURES TO BE USED WHEN A
STANDARD PALLET L'..IT M-.L- 014 CONTAINER IS TO
BE iNITIZED THE FILLER ASSEMBLY DEPICTED MIST BE
INSTALLED IN THE MIDDLE OR THE TOP LAYEP OR THE
PALLET UJNIT

THE TOP DUTINAGE ASSEmELY AN~D lL!FBX SEr.ISTRAPOINO HAVE BEEN OMITTED FOR FILE S DTI " AE7

SERIES CONTAINER.

DE7AIL B
DUNNAGE ASSEP!BLIE1 AND STRA-I'NO THIS DETAIL DEPICTS PROCEDUR.ES TO BE USED WHEN A STA.,-PD
HAVE BEEN OAITED FOR CLARITY PJR0OSES. PALLET UNIT &ITJLS THREE CO,.TAINEES IS TO BE u.NiTIZ:. THE

FILLER ASSEMBLY PAL.ET BE I.,6TALLED IN THE MIDDLE OF THE TOP
LAYER OF THE PALLET UNIT.

FILLER (1 REOD)I. SEE THE
-FILLER C- DETAIL ON PAGE 7

AND SPECLAL NOTE 2 ABOVE.\

FILLER T I EOD). SEE THE 'FILLER A"
DETAIL ON PAGE 7AND SPECLAL

THIS DETAIL DEPICTS PROCEDURES TO IE LIED WHEN A STANDARD
PALLET UNIT MINIS FIVE CONTAINEPS IS TO E LUNITIZED. THE
FILLER ASSEMBLIES DEPICTED MIST BE INSTALLED IN THE f.ID)DLE OF
THE TOP LAYERS 0F THE PALT UNIT.

PAGET6 FILLEPR AND INSTALLATION PRorCEDUIRES FOR VOAETTED CONJAWEP.S
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